Two Gram-stain-variable, non-motile, catalase-positive and cytochrome c oxidase-negative bacteria, designated AK20-18 T and AM20-54, were isolated from forest soil samples collected in the Italian Alps. Growth occurred at a temperature range of C, at pH 6-9 and in the presence of 0-5 % (w/v) NaCl. The 16S rRNA gene sequence similarity between strains AK20-18 T and AM20-54 was 100 %. Phylogenetic analysis based on 16S rRNA gene sequence showed that strain AK20-18 T had highest 16S rRNA gene sequence similarity with the type strain of Arthrobacter psychrochitiniphilus (96.9 %). The cell-wall peptidoglycan structure of strain AK20-18 T was of the type A3alpha L-Lys-L-Thr-L-Ala 2 (A11.27). The whole-cell sugars were galactose, ribose and lesser amounts of mannose. The major respiratory quinone of the two strains was menaquinone 9(H 2 ) [MK-9(H 2 )], whereas MK-10(H 2 ) was a minor component. The polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and unknown glycolipids. The major cellular fatty acids were anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 16 : 0 and anteiso-C 17 : 0 . The genomic DNA G+C content was 59.9 mol%. Strains AK20-18 T and AM20-54 were isolated in the course of a study on the culturable microbial diversity in forest soils along an altitude gradient in South Tyrol in the Italian Alps [2] . Strain AK20-18 T was isolated from soil collected in Klobenstein/Ritten at 1200 m above sea level (a.s.l.) (46 32¢ 38.1 † N 011 28¢ 16.1 † E), and strain AM20-54 was isolated from soil collected in Kleiner Priol/Montiggl at 570 m a.s.l. 
the name Psychromicrobium silvestre gen. nov., sp. nov. is proposed. The type strain of Psychromicrobium silvestregen. nov., sp. nov. is AK20 -18 T (=DSM 102047 T =LMG 29369 T ).
The genus Arthrobacter has been revised recently by Busse [1] . Based on phylogenetic groupings, 16S rRNA gene sequence similarities and homogeneity in peptidoglycan types, quinone systems and polar lipid profiles, the emended description of the genus Arthrobacter Conn and Dimmick 1947 (Approved Lists 1980) emend. Koch et al. 1995 sensu lato and reclassifications of selected species was proposed [1] . In this manuscript we describe a novel actinobacterial genus.
Strains AK20-18 T and AM20-54 were isolated in the course of a study on the culturable microbial diversity in forest soils along an altitude gradient in South Tyrol in the Italian Alps [2] . Strain AK20 -18 T was isolated from soil collected in Klobenstein/Ritten at 1200 m above sea level (a.s.l.) (46 32¢ 38.1 † N 011 28¢ 16.1 † E), and strain AM20-54 was isolated from soil collected in Kleiner Priol/Montiggl at 570 m a.s.l. (46 25¢ 36.8 † N 011 17¢ 48.6 † E). The soils were retrieved using aseptic conditions in August 2014. Ten grams of the samples were shaken with 90 ml of sterile 0.1 % sodium pyrophosphate for 15 min at 150 r.p.m. Appropriate dilutions, prepared with sterile saline solution (0.9 %, w/v), were plated on R2A agar [3] amended with cycloheximide to exclude fungal growth and were incubated at 20 C. Two of the pure cultures were designated strains AK20 -18 T and AM20-54. The strains were routinely cultured on R2A agar at 20 C and stored at À80 C in R2A broth supplemented with 15 % (w/v) glycerol. Arthrobacter russicus DSM 14555 T [4] and Arthrobacter psychrochitiniphilus DSM 23143 T [5] were routinely grown on R2A agar at 20 C and used as reference strains in this study.
Total genomic DNA was extracted following the method of Nielsen et al. [6] . PCR amplification of 16S rRNA genes was carried out as described by Rainey et al. [7] . The PCR product was purified, and the 16S rRNA gene sequence was determined by Sanger sequencing (Macrogen, The Netherlands). The 16S rRNA gene sequences of strains AK20-18 T (1368 bp) and AM20-54 (1358 bp), respectively, were submitted to GenBank to search for similar sequences using the BLAST algorithm. On the basis of pairwise comparisons of the 16S rRNA gene sequences using the recent version of the EzTaxon program [8] , strain AK20-18 T had highest 16S rRNA gene sequence similarity with the type strain of Arthrobacter psychrochitiniphilus (96.9 %). The 16S rRNA gene sequence similarity between strains AK20-18 T and AM20-54 was 100 %. Multiple sequence alignments were performed using the CLUSTAL W program integrated in MEGA version 6.0 [9] . Phylogenetic trees were reconstructed by using the neighbour-joining (NJ) and maximum-likelihood (ML) algorithms using MEGA version 6.0. For the NJ and ML algorithms, genetic distances were calculated using the Kimura two-parameter model [10] , and the pairwise deletion option was used. The tree topologies were evaluated by bootstrap analysis based on 1000 replicates. The reconstructed phylogenetic tree based on the NJ algorithm [11] ( Fig. 1) revealed that strains AK20-18
T and AM20-54 grouped with Arthrobacter russicus GTC863 T , Acaricomes phytoseiuli DSM 14247 T and Renibacterium salmoninarum ATCC 33209 T (Fig. 1 ). This phylogenetic position was confirmed in the tree generated using the ML algorithm (Fig.  S1 , available in the online Supplementary Material).
Sample preparation for matrix-assisted laser-desorption/ ionization time-of-flight (MALDI-TOF) MS protein analysis was carried out according to the ethanol/formic acid extraction protocol as described by Schumann and Maier [12] . The score-oriented dendrogram (Fig. S2) shows that the almost-identical mass spectra of strains AK20-18
T and AK20-54 branch deeply from those of the members of the Arthrobacter psychrolactophilus group [1] and of Arthrobacter russicus but differ also remarkably from those of the type strains of Acaricomes phytoseiuli and R. salmoninarum.
Cell morphology was examined by phase-contrast microscopy (Â1000; Leitz Diaplan) and by transmission electron microscopy (Zeiss Libra 120 EFTEM) of cells grown on R2A agar at 20 C. Motility was examined by microscopy (Â1000) and on R2A soft agar (0.3 % agar) plates. Gram staining was tested by using the bioM erieux Gram-stain kit. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 , and cytochrome c oxidase activity was determined using 1 % (w/v) N,N,N¢,N¢-tetramethyl-pphenylenediamine. Physiological and biochemical characteristics and enzyme activities were determined with the API 20 NE, API Coryne and API ZYM systems (bio-M erieux) at 20 C. Fermentative metabolism of glucose was determined as described by Süßmuth et al. [13] on Hugh and Leifson's OF basal medium (1 % glucose, 0.2 % peptone, 0.1 % yeast extract, 0.5 % NaCl, 0.02 % K 2 HPO 4 , 0.008 % bromothymol blue, 0.3 % agar) covered with oil. Glucose fermentation was additionally tested in glucose broth (1 % glucose, 1 % peptone, 5 % NaCl, 0.3 % meat extract, 0.002 % phenol red) in glass tubes with Durham tubes [13] . Aerobic growth on different media was assessed at 20 C on R2A agar, nutrient agar (NA; 0.5 % peptone, 0.3 % meat extract, 1.5 % agar; pH 7) and trypticase soy agar (TSA; 1.5 % casein peptone, 0.5 % soy peptone, 0.5 % sodium chloride, 1.5 % agar; pH 7). Growth under anaerobic conditions was examined after 6 days of incubation at 20 C in an anaerobic jar [containing Anaerocult A (Merck) to produce anaerobic conditions] on R2A agar and on NA, each supplemented with 10 mM KNO 3 . Growth under microaerophilic conditions was investigated at 20 C on R2A agar and NA after incubation in a microaerophilic atmosphere containing 8-10 % (v/v) carbon dioxide and 5-7 % (v/v) oxygen; this atmosphere was generated in sealed jars containing Anaerocult C (Merck). Degradation of starch (amylase), skimmed milk (protease), CM-cellulose (cellulase) and Tween 80 (lipase-esterase) was tested after 3-6 days at 20 C on R2A agar supplemented with the appropriate substrates as described previously [14] . Hydrolysis of DNA was tested on DNAse agar (Oxoid). Utilization of lactose and chitin as sole carbon sources was determined in phospate-buffered mineral medium containing 0.5 % (w/v) lactose or chitin (Sigma) after 6 days of incubation at 20
C. Growth at 0, 5, 10, 15, 20, 25, 30 and 35 C was assessed on R2A agar and in R2A broth. Growth at pH 5, 6, 7, 8, 9 and 10 (using medium buffered with citrate buffer for pH 5, phosphate buffer for pH 6-7, Tris buffer for pH [8] [9] [10] and in the presence of 0, 1, 2, 3, 5, 7 and 10 % (w/v) NaCl was determined in R2A broth and on R2A agar. All tests were carried out simultaneously with strains AK20-18
T , AM20-54, Arthrobacter russicus DSM 14555
T and Arthrobacter psychrochitiniphilus DSM 23143
T . The morphological, physiological and biochemical characteristics of strains AK20-18
T and AM20-54 are given in the species description, and the features that differentiate the strains investigated from the reference strains are given in Table 1 .
The presence or absence of flexirubin-type pigments was determined by flooding bacterial cells on a glass slide with 20 % (w/v) KOH [15] . The absence of a colour change of the cell biomass indicated the absence of flexirubin-type pigments in cells of AK20-18 T , AM20-54, Arthrobacter russicus DSM 14555
T . Carotenoids were extracted from whole cells grown at 15 C with acetone/methanol (7 : 2, v/v) as described by Alarico et al. [16] . Absportion spectra were recorded spectrophotometrically. The absence of carotenoids was verified by the absence of absorption peaks at 452 and 479 nm in the spectra of the acetone/methanol extracts of all four strains.
For chemotaxonomic analysis, strains AK20-18
T and AM20-54 and the reference strains Arthrobacter russicus DSM 14555
T and Arthrobacter psychrochitiniphilus DSM 23143 T were grown in R2A broth until the late exponential phase at 20 C. Cells were harvested by centrifugation and washed in 0.1 M Tris/HCl, pH 7.5, before subsequent analyses.
The peptidoglycan structure was determined according to published protocols [17] . Peptidoglycan was isolated from 3 g of wet biomass (centrifugal pellet) by application of Protocol 7, where mechanical disruption of cells by shaking with glass beads followed by trypsin digestion of proteins and extraction with 20 % SDS solution were the essential steps. The peptidoglycan hydrolysate (4 M HCl, 100 C, 16 h) was subjected to two-dimensional TLC (Protocol 9). Lysine (Lys), alanine (Ala), threonine (Thr) and glutamic acid (Glu) were detected as amino acids of the peptidoglycan. Chiral gas chromatography of N-pentafluoropropionyl amino acid isopropyl esters (Protocol 11) revealed the following molar ratio: 1.0 D-Ala : 1.8 L-Ala : 0.9 L-Thr : 1.1 DGlu : 1.0 L-Lys. Ala was found to represent the N-terminus of the interpeptide bridge (Protocol 12). From these data, it was concluded that the peptidoglycan of strain AK20-18
T is of the type A3alpha L-Lys-L-Thr-L-Ala 2 (A11.27 according to www.peptidoglycan-types.info). Strain AK20-18 T differed from the type species of the genus Arthrobacter, Arthrobacter globiformis (Lys-Ala 3 ), but also from the following phylogenetic neighbours by the presence of Thr in the peptidoglycan: Acaricomes phytoseiuli (Lys-Ala 3 ), R. salmoninarum (Lys-Ala-Gly), Arthrobacter russicus (Lys-Ala 2 ), Arthrobacter cryoconiti (Lys-Ala 4 ) and Arthrobacter stackebrandtii (Lys-Ala 2 ). Strain AK20-18
T could be distinguished from Arthrobacter livingstonensis by two instead of one Ala residues in the interpeptide bridge and the lack of the Ala amide substituent at D-Glu. It differed from Arthrobacter alpinus and Arthrobacter psychrolactophilus (both Lys-Thr-Ala 3 ) by the lower Ala content of the interpeptide bridge. The detailed structure of the Thr-containing peptidoglycan of Arthrobacter psychrochitiniphilus was not reported by Wang et al. [5] . Whole-cell sugars determined by TLC according to Protocol 3 [17] were galactose, ribose and lesser amounts of mannose.
Fatty acid methyl esters (FAMEs) were obtained from fresh wet biomass, separated, identified and quantified with the standard MIS Library Generation software, version 6.0, All data are from this study. All strains are positive for aerobic and microaerophilic growth, growth on R2A agar, NA and TSA, slime production on R2A agar, catalase, esterase lipase (C8), leucine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, b-glucosidase, a-mannosidase, pyrazinaminidase and aesculin hydrolysis in API ZYM, API20NE and API Coryne, and assimilation of lactose, D-glucose, D-mannose, D-mannitol, malic acid and trisodium citrate. All strains are negative for anaerobic growth, motility, presence of carotenoid or flexirubin pigments, cytochrome c oxidase, cystine arylamidase, a-chymotrypsin, b-glucuronidase, a-fucosidase, arginine dihydrolase, urease and indole production in API ZYM, API20NE and API Coryne, hydrolysis of starch (amylase) and CM-cellulose (cellulase) on agar plates, assimilation of L-arabinose and adipic acid, and fermentative metabolism of glucose. +, Positive; W, weakly positive; À, negative. aerobe TSBA method (Microbial ID, MIDI) as described previously [18] . The major fatty acids of strains AK20-18 T and AM20-54 were anteiso-C 15 : 0 , iso-C 15 : 0 and iso-C 16 : 0 . Their fatty acid profiles were similar to those of Arthrobacter russicus DSM 14555 T and Arthrobacter psychrochitiniphilus DSM 23143
T . However, differences in the amounts of several fatty acids, mainly iso-C 15 : 0 , allowed the differentiation of strains AK20-18
T and AM20-54 from the two reference strains (Table S1 ).
Respiratory lipoquinones were extracted from freeze-dried cells and purified by TLC. The purified lipoquinones were separated by HPLC as described previously [19] . Known lipoquinones were mixed with those of strains AK20-18 T , AM20-54, Arthrobacter russicus DSM 14555
T and Arthrobacter psychrochitiniphilus DSM 23143 T as internal standards. The major menaquinone of all four strains was MK-9 (H 2 ). MK-10(H 2 ) was only detected as a minor menaquinone in strains AK20-18
T and AM20-54 (Table 1) .
Polar lipids were extracted from freeze-dried cells, and the individual polar lipids were separated by two-dimensional TLC. To visualize phospholipids, aminolipids, glycolipids and total lipids, the following reagents were used, respectively: molybdenum blue, ninhydrin, a-naphthol/sulfuric acid and molybdophosphoric acid [20] . The polar lipid patterns of strains AK20-18 T and AM20-54 revealed the presence of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and two unknown glycolipids (Fig.  S3) . The polar lipid patterns of Arthrobacter russicus DSM 14555 T and Arthrobacter psychrochitiniphilus DSM 23143 T contained additional unknown glycolipids, which were not present in strains AK20-18 T and AM20-54.
The DNA G+C content was determined by HPLC as described by Mesbah et al. [21] . The genomic DNA G+C content of strains AK20-18 T and AM20-54 was 59.9 ±0.3 mol% and was similar to that of Arthrobacter psychrochitiniphilus DSM 23143 T (58.5 mol%; [5] , but lower than that of Arthrobacter russicus DSM 14555 T (65.5 mol%; [4] ).
Strains AK20-18 T and AM20-54 are representatives of a novel genus and can be easily distinguished from Arthrobacter russicus DSM 14555
T by their inability to utilize chitin as the sole carbon source and to produce a-galactosidase activity, by lower amounts of the iso-C 15 : 0 fatty acid and by the presence of MK-10(H 2 ) as a minor lipoquinone. In contrast to Arthrobacter russicus, strains AK20-18
T and AM20-54 assimilate maltose but are unable to grow at pH 5 or in the presence of 7 % (w/v) NaCl. Strains AK20-18
T and AM20-54 can be differentiated from Arthrobacter psychrochitiniphilus by their growth temperature range (ability to grow at 30 C, inability to grow at 0 C), their colony colour, their inability to reduce nitrate to nitrite and their ability to exhibit a number of enzyme activities. Based on evidence from 16S rRNA gene sequence analysis and MALDI-TOF mass spectra (Fig. S2) as well as the peptidoglycan structure and other chemotaxonomic characteristics, it is our opinion to consider strain AK20-18
T as the type strain of the type species of a novel genus, for which we propose the name Psychromicrobium silvestre gen. nov. sp. nov.
DESCRIPTION OF PSYCHROMICROBIUM GEN. NOV.
Psychromicrobium (Psy.chro.mi.cro¢bi.um. Gr. adj. psychros cold; N.L. neut. n. microbium microbe; N.L. neut. n. Psychromicrobium microbe growing at low temperatures).
Cells exhibit a rod-coccus cycle and occur often in pairs as typical V-forms or in groups (Fig. S4) . Cells are Gramstain-variable and non-motile. Chemo-organotrophic and aerobic. Cold-adapted. The genomic DNA G+C content of the type strain is 59.9 mol%. The predominant cellular fatty acids are anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 16 : 0 and anteiso-C 17 : 0 . The polar lipid profile contains diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and glycolipids. Cells contain MK-9(H 2 ) as the major menaquinone and a minor amount of MK-10(H 2 ). The cell-wall peptidoglycan is of the type L-Lys-L-Thr-L-Ala 2 (A11.27). The whole-cell sugars are galactose, ribose and lesser amounts of mannose. The type species is Psychromicrobium silvestre.
DESCRIPTION OF PSYCHROMICROBIUM SILVESTRE SP. NOV.
Psychromicrobium silvestre (sil.ves¢tre. L. neut. adj. silvestre from a forest).
Other characteristics are those as reported for the genus. Cells are 0.5-0.6Â0.9-1.1 µm after 2 days at 20 C on R2A agar. Colonies on R2A agar are creamy white, convex, shiny, with an entire margin and produce slime; colony diameter is 1 mm after 4 days at 20 C. Flexirubin and carotenoid pigments are absent. Grows under aerobic and microaerophilic conditions; unable to grow under anaerobic conditions. Grows on R2A agar, NA and TSA. Growth occurs in R2A broth and on agar plates at 5-30 C, with optimal growth (in terms of fastest growth rates) at 20-30 C; growth is not observed at 35 C. Grows at pH 6-9(optimal growth at pH 6-7) and in the presence of 0-5 % (w/v) NaCl (optimal growth 0-3 %). Positive for catalase and negative for cytochrome c oxidase. Alkaline phosphatase (weakly), acid phosphatase, esterase lipase (C8), lipase (C14; weakly), leucine arylamidase, trypsin, naphthol-AS-BI-phosphohydrolase, b-galactosidase, a-glucosidase, bglucosidase, a-mannosidase, pyrazinaminidase, pyrridolyl arylamidase, and gelatin and aesculin hydrolysis are positive in API ZYM, API20NE and API Coryne. Positive for hydrolysis of skimmed milk (protease) and Tween 80 on agar plates, assimilation of lactose, D-glucose, D-mannose, D-mannitol, maltose, potassium gluconate, capric acid, malic acid, phenylacetic acid (weakly) and trisodium citrate. Negative for cystine arylamidase, valine arylamidase, a-chymotrypsin, a-galactosidase, b-glucuronidase, a-fucosidase, arginine dihydrolase, urease, indole production and nitrate reduction to nitrite in API ZYM, API20NE and API Coryne, hydrolysis of starch (amylase), CM-cellulose (cellulase) and DNA (DNAse) on agar plates, assimilation of chitin, L-arabinose and adipic acid, and fermentative metabolism of glucose.
The type strain is AK20-18 T (=DSM 102047 T =LMG 29369 T ) and was isolated from alpine forest soil in Klobenstein/Ritten, South Tyrol, Italy. Strain AM20-54 (=DSM 102046=LMG 29368), isolated from alpine forest soil in Montiggl, South Tyrol, Italy, is another representative of the species. 
